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PATENT 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Application of: 



Hiroyuki ATAKE 



Prior 

Group Art Unit; 1732 



Serial No.: R. 1.53(b) Div. of 

USSN 08/957,068 
Filed: October 24, 1997 



Prior 

Examiner : Edmund H . Lee 



Filed: September 16, 1999 

For: DECORATIVE SHEET, SHEET-DECORATED MOLDING AND SHEET- 
DECORATING MOLDING METHOD 



Prior to examination of the above- identified Rule 1.53(b) 
divisional application, please amend the application as follows: 

IN THE TITLE : 

Change the title to read —SHEET -DECORATING MOLDING METHOD--. 

IN THE SPECIFICATION: 

Page 1, line 26, change "sheets" to —sheet— and change 
"coats" to — involves coating — ; and 



PRELIMINARY AMENDMENT 



Assistant Commissioner for Patents 
Washington, D. C. 20231 



Sir: 



line 35, cancel "to". 



Page 3, line 27, cancel "e". 

Page 7, line 10, change "exercises" to — exercise — ; 
line 27, change "first" to --primary--; 
line 28, change "second" to — secondary — and "third" 

to — tertiary — ; and 

line 30, change "first" to — primary — and "Second" to 

— Secondary — . 

Page 8, line 16, change "Order" to — The order — . 

Page 9, line 9, change "agent" to — agents — . 

Page 14, line 7, change "buta-diene" to —butadiene--; and 
line 23, cancel "a" (first occurrence) . 

IN THE CLAIMS: 

Cancel claims 1 to 6 without prejudice or disclaimer. 

Add the following new claims 9 to 12 as follows: 
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— 9. A decorative sheet formed of an acrylic resin and having 
a coefficient of kinetic friction with respect to a flat glass 
plate in the range of 0.2 to 0.9, said acrylic resin having a glass 
transition temperature of 80 °C or below. 

10. The decorative sheet according to claim 9, further 
comprising a backing resin sheet laminated to one surface of the 
decorative sheet. 

11 . A sheet-decorated molding having a surface coated with a 
decorative sheet formed of an acrylic resin and having a 
coefficient of kinetic friction with respect to a flat glass plate 
in the range of 0.2 to 0.9, said acrylic resin having a glass 
transition temperature of 80 °C or below. 

12. The sheet-decorated molding according to claim 11, 
further comprising a backing resin sheet interposed between the 
molding and the decorative sheet . — 
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REMARKS 

This application is a Rule 1.53(b) divisional application of 
S. N. 08/957,068, filed October 24, 1997, now allowed. 

Applicants present for examination claims directed to the 
invention non-elected in the parent case. Original claims 1 to 6 
(the non-elected claims) have been canceled and replaced with new 
claims 9 to 12 . The Examiner will see readily that new claim 9 
represents a combination of original claims 1 and 2 and that new 
claim 11 represents a combination of original claims 4 and 5. New 
claims 10 and 12 correspond to original claims 3 and 6 
respectively . 

The specification and title have been amended in the same 
manner as the parent application and to identify the parent 
application. 

Filed herewith is an Information Disclosure Statement listing 
all references cited during prosecution of the parent application. 
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Prompt and favorable examination of this application on the 



merits is respectfully solicited. 




Registration No. 24,453 

CAW/ch 

Attorney Docket No . : DAIN:435A 



PARKHURST & WENDEL, L.L.P. 
1421 Prince Street, Suite 210 
Alexandria, Virginia 22314-2805 
Telephone: (703) 739-0220 
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DECORATIVE SHEET, SHEET -DECORATED MOLDING 
AND SHEET-DECORATING MOLDING METHOD 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to a sheet-decorating 
molding method for laminating a decorative sheet to the 
surface of a resin molding to produce a sheet-decorated 
molding provided on its surface with a pattern. 

10 Description of the Related Art 

A sheet-decorating injection molding method for forming 
a pattern on the surface of a resin molding has been 
prevalently used. This known sheet-decorating injection 
molding method attaches a decorative sheet to the surface 

15 of a molding by holding a decorative sheet between the 
male and the female mold of an injection mold, joining the 
male and the female mold, clamping the injection mold, 
injecting a fluid resin into a cavity formed in the 
injection mold to fill up the cavity. This 

20 sheet-decorating injection molding method often uses 
acrylic resin sheets because acrylic resin sheets are 
satisfactory in transparency, weather resistance, adhesion 
and thermof orming property. However, acrylic resin sheets 
laminated to the surfaces of moldings are liable to be 

25 damaged. A method proposed to protect an acrylic resin 
sheets from damage coats the surfaces of the acrylic resin 
sheet with a hard film of an ultraviolet-setting or 
electron-beam setting material. If the surface of the 
molding has a complicated shape like that formed by deep 

30 drawing or that having portions having large curvatures, 
a decorative sheet to be laminated to a molding needs to 
be formed so as to conform to the surface of the cavity of 
an injection mold for preforming. When thus preforming 
a decorative sheet, the hard film coating the surface of 

35 the decorative sheet affects adversely to the formability 
of the decorative sheet. 
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SUMMARY OF THE INVENTION 
The present invention has been made in view of the 
foregoing problems and it is therefore an object of the 
present invention to provide a sheet-decorated molding 
5 formed by laminating a decorative sheet of an acrylic resin 
to a molding and highly resistant to abrasion, and a 
sheet-decorating molding method for producing such a 
sheet - decorated moldi ng . 

The present invention controls the kinetic friction of 

10 the surface of a decorative sheet to a value in an appro- 
priate range to improve the abrasion resistance of the 
decorative sheet. More specifically, the present invention 
employs an acrylic resin decorative sheet having a coeffi- 
cient of kinetic friction in the range of 0.2 to 0.9 with 

15 respect to a flat glass plate, more preferably, an acrylic 
resin decorative sheet having the foregoing coefficient of 
kinetic friction with respect to a flat glass plate and a 
glass transition temperature of 80 °C or below. A laminated 
decorative sheet formed by laminating the foregoing acrylic 

20 resin decorative sheet and a backing resin sheet may be 
used. An acrylic resin sheet having a coefficient of 
kinetic friction of 0.9 or below with respect to a flat 
glass plate has sufficiently high abrasion resistance and 
satisfactory formability even if the glass transition 

25 temperature Tg of the acrylic resin sheet is not very high 
and the acrylic resin sheet is not coated with a hard film. 
An acrylic resin sheet having a coefficient of kinetic 
friction of 0.2 or above with respect to a flat glass plate 
will not be creased, broken, strained or dislocated by a 

30 stress induced therein when a fluid resin is injected at 
a high injection pressure into the cavity of an injection 
mold holding the acrylic resin sheet. 

A sheet-decorated molding according to the present 
invention is made by laminating a decorative sheet to the 

35 surface of a resin molding. If a decorative sheet formed 
by laminating an acrylic resin sheet and a backing resin 
sheet is used, the decorative sheet is laminated to a resin 
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molding with the acrylic resin sheet on the outer side, 

A sheet-decorating molding method according to the 
present invention for producing the foregoing 
sheet-decorated molding comprises the steps of joining 
5 together a male mold and a female mold of an injection mold 
with the decorating sheet held between the male and the 
female mold, clamping the injection mold to define a 
cavity, injecting a fluidized resin through a gate formed 
in the male mold to fill up the cavity with the fluidized 

10 resin, solidifying the fluidized resin so that the decorat- 
ing sheet is laminated to the surface of a molding, opening 
the injection mold, and ejecting a sheet-decorated molding 
formed by laminating the decorating sheet to the surface 
of the resin molding from the injection molding. If a 

15 laminated decorative sheet formed by laminating an acrylic 
resin decorative sheet and a backing resin sheet are used, 
the laminated decorative sheet is held between the male and 
the female mold so that the acrylic resin decorative sheet 
is on the side of the female mold. 

20 The above and other objects, features and advantages 

of the present invention will become more apparent from the 
following description taken in connection with the accompa- 
nying drawings. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a partly sectional view of an injection 
molding machine in a preforming process for preforming e 
a decorative sheet on a female mold of an injection mold; 
Fig. 2 is a partly sectional view of the injection 
30 molding machine of Fig. 1 in an injection molding process 
for injecting a fluid resin into a cavity of the injection 
mold holding the preformed decorative sheet; and 

Fig. 3 is a partly sectional view of the injection 
molding machine of Fig. 1 in an ejecting process for 
35 opening the injection mold and ejecting a resin molding 
from the injection mold. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Suitable materials for forming an acrylic resin 
decorative sheet in accordance with the present invention 
are homopolymers of (meth) acrylate or copolymers containing 
5 a (meth) acrylate, such as polymethyl (meth)acrylates, 
polyethyl ( meth ) acrylates , polybutyl ( meth ) aery lates , 
methyl ( meth ) acrylate-butyl ( meth ) acrylate copolymers , 
methyl ( meth ) acrylate-ethyl { meth ) acrylate copolymers , 
ethyl (meth) acrylate-butyl (meth ) acrylate copolymers and 

10 (meth)acrylate-styrene copolymers- In this specification, 
the term, 11 (meth) acrylate" designates an acrylate or a 
methacrylate . Although acrylic resin sheets of 50 to 300 
pm in thickness are used generally, the present invention 
may employ acrylic resin sheets of a thickness outside the 

15 foregoing thickness range according to uses, molding 
conditions and desired physical properties of the surface. 
Particularly, it is preferable to use acrylic resin sheets 
of an acrylic resin having a glass transition temperature 
Tg of 80 °C or below to reduce thermal energy necessary for 

20 heating the acrylic resin sheet during injection molding 
or during preforming, to suppress heating temperature on 
a low level, to reduce cycle time and to facilitate the 
manufacture and handling of the acrylic resin sheets. 
Although the abrasion resistance of an acrylic resin sheet 

25 having a low glass transition temperature Tg is low, 
problems resulting from the low abrasion resistance can be 
solved when the acrylic resin sheet has a coefficient of 
kinetic friction of 0.9 or below with respect to a flat 
glass plate, which will be described later. 

30 The coefficient of kinetic friction of the acrylic 

resin sheet with respect to a flat glass plate was measured 
by the following procedure comprising the steps of placing 
the acrylic resin sheet on the surface of the flat glass 
plate, placing a 10 mm square plate of 1 mm in thickness 

35 wrapped in gauze on the acrylic resin sheet, putting a 10 
g weight on the plate, measuring tensile force required to 
pull the weight at a moving speed of 1 m/min by 10 cm by 
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a suitable measuring means, such as a spring balance or a 
strain gage, while the weight is being pulled, and repeat- 
ing the tensile force measuring step five times. The mean 
of the five pieces of data thus obtained is divided by the 
5 weight of the weight to determine a coefficient of kinetic 
friction. 

If an acrylic resin sheet has a coefficient of kinetic 
friction with respect to a flat glass plate exceeding 0.9, 
a stress is concentrated on the acrylic resin sheet and the 

10 surface is damaged when he acrylic resin sheet is rubbed 
by other body. If an acrylic resin sheet has a coefficient 
of kinetic friction with respect to a flat glass plate 
below 0.2, the abrasion resistance of the acrylic resin 
sheet is satisfactory, but the acrylic resin sheet slips 

15 on the mold, and is dislocated, creased, strained or broken 
and cannot be held in place on the surface of the mold 
defining the cavity against a shearing force exerted 
thereon by a resin injected into the cavity of the mold. 
The coefficient of kinetic friction of the acrylic resin 

20 sheet with respect to a flat glass plate can be reduced by 
coating the surface of the acrylic resin sheet with a 
silicon fluoride resin or the like or by selectively 
determining a lubricant contained in the resin forming the 
acrylic resin sheet and properly adjusting the lubricant 

25 content of the acrylic resin sheet. Table 1 shows possible 
lubricants classified by chemical structure. These 
lubricants are used individually or two or more of those 
lubricants are used in combination. 
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Table 1 



1 „ Hydrocarbons 



Pure hydrocarbons Liquid paraffins 

Natural paraffins 

Microwaxes 

Synthetic paraffins 
Polyethylene waxes 

Chlorinated hydrocarbons 

Fluorocarbons 



2. Fatty acids 



Higher acids 
Hydroxy fatty acids 



3. Fatty amides 



Fatty amides 

Alkylene bisphenylic amides 



4 . Esters 



Fatty lower alcohol esters 
Fatty polyhydric alcohol esters 
Fatty polyglycol esters 



5. Alcohols 



6. Metal soaps 



Fatty alcohols 
Polyhydric alcohols 
Polyglycols , polyglycerols 



7 • Mixtures 



In hydrocarbon lubricants, liquid paraffins have a pour 
point in the range of -15 to -35 °C, natural paraffins have 
a relatively low melting point in the range of 57 to 63 °C. 
are colorless and odorless and are excellent in lubricity, 
microwaxes are microcrystalline waxes obtained from 
petroleum having principal components similar to those of 
paraffin waxes, have a large molecular weight, have a 
carbon number in the range of thirty- two to seventy- two, 
contain a relatively large amount of isoparaffins and 
exercises a behavior different from that of paraffin waxes, 
and polyethylene waxes are low-molecular-weight 
polyethylenes or their incomplete oxides having a molecular 
weight in the range of 1500 to 200 and a softening point 
of 100 °C or above and are superior to other external 
lubricants in internal lubricity. Chlorinated naphthalene 
is a representative of chlorinated hydrocarbons, and is 
satisfactory in compatibility, difficult to be clouded and 
flame-resistant . 

Stearic acid among the fatty acid lubricants is most 
prevalently used and those having a carbon number greater 
than that of lauric acid may be used as a lubricant. 

Fatty acid amide lubricants are amides derived from 
fatty acids and have a general chemical structure repre- 
sented by R-C0NH 2 . 

Fatty acid amide lubricants are compounds produced by 
substituting hydrogen atoms of ammonia by acyl groups 
generally and including first amides represented by 
R-C0NH 2 , second amides represented by (R-C0) 2 NH and third 
amides represented by (R-C0) 3 N. A compound simply called 
acid amide is a first amide. Second amides are imides or 
acetic imides. Amide compounds suitable for use as a 
lubricant include stearic amide, palmitic imide, methylene 
bisstearoamide and ethylene bisstearoamide . These lubri- 
cants are white or light yellow powder or solid having a 
relatively high melting point in the range of 100 to 140° C. 
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Fatty amide lubricants are excellent in external lubrica- 
tion. 

Ester lubricants are fatty lower alcohol esters, fatty 
polyhydric alcohol esters and fatty polyglycol esters. 
5 Butyl stearate is a generally used fatty lower alcohol 
ester having a melting point of 22.5°C and is a colorless, 
transparent liquid at an ordinary temperature. 

Principal alcohol lubricants are those having a 
relatively high melting point and a carbon number of 
10 sixteen or above, such as cetyl alcohol and stearyl 
alcohol. 

Metal soaps are those derived from fatty acids having 
a carbon number in the range of twelve to thirty. A 
stearate, such as lead stearate functions as a stabilizer 
15 and a lubricant. 

Order in lubricity of those lubricants is metal soaps 
> liquid composite stabilizers > inorganic stabilizers > 
organic tin compounds > S-containing organic lead com- 
pounds . 

20 The lubricant content of the acrylic resin sheet is 

dependent on the kind of the acrylic resin forming the 
acrylic resin sheet and the kind of the lubricant. Usually 
the lubricant content of the acrylic resin sheet to provide 
the acrylic resin sheet with a desired frictional property 

25 is in the range of about 0.1 to about 10% by weight. It 
is preferable that the lubricant content is in the range 
of 0.1 to 0.5% by weight if transparency of the acrylic 
resin sheet is important. 

An acrylic resin sheet is subjected to a desired 

30 decorating process to obtain a decorative sheet. The 
decorating process colors an acrylic resin sheet by mixing 
a pigment or a dye in the acrylic resin sheet, forms a 
pattern on the acrylic resin sheet by a pattern sheet or 
a metal film or forms a pattern by embossing. 

35 An ultraviolet absorbing agent and/or a light stabiliz- 

er may be added to a base sheet to provide a decorative 
sheet having improved fading resistance (weather resis- 
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tance ) . The base sheet may contain only an ultraviolet 
absorbing agent, but the ultraviolet absorbing agent is 
more effective when used in combination with a light 
stabilizer. Suitable ultraviolet absorbers are organic 
5 ultraviolet absorbing agents including benzotriazoles, 
benzophenones and salicylates, and inorganic powders of 0.2 
jam or below in grain size of zinc oxide, cerium oxide and 
titanium oxide. Suitable light stabilizers may be hindered 
amine radical trapping agent, such as 

10 bis-(2,2,2,6,6-tetramethyl-4-piperidyle) sebacate. Usually 
the ultraviolet absorbing agent content and the light 
stabilizer content of the resin are in the range of about 
0.1 to about 10% by weight. If the ultraviolet absorbing 
agent content and the light stabilizer content are less 

15 than about 0.1% by weight, the light stability of the base 
sheet is unsatisfactory, If the ultraviolet absorbing agent 
content and the light stabilizer content are greater than 
about 10% by weight, the base sheet may be colored. The 
effects of the ultraviolet absorbing agent and the light 

20 stabilizer do not increase as expected with the increase 
of ultraviolet absorbing agent content and light stabilizer 
content, and the agents, particularly, organic agents, may 
possibly bleed out if ultraviolet absorbing agent content 
and light stabilizer content are increased excessively 

25 beyond about 10% by weight. 

Patterns may be formed on the base sheet by an ordinary 
printing process, such as a gravure printing process, an 
offset printing process, a relief printing process or a 
screen printing process, or may be drawn by hand. Patterns 

30 may be printed on the base sheet by a transfer printing 
process which uses a transfer sheet provided with a pattern 
layer (ink layer) and, if necessary, an adhesive layer, and 
transfers the pattern layer to the base sheet by placing 
the transfer sheet on the base sheet and applying pressure, 

35 or pressure and heat to the transfer sheet. Suitable 
materials as the binder of the ink for forming the pattern 
are acrylic resins, vinyl acetate resins, vinyl 
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chloride-vinyl acetate copolymers, saturated polyesters and 
mixtures of some of those materials. The ink is prepared 
by mixing a material as binder, and a pigment, such as 
titanium oxide white, carbon black, phthalocyanine blue, 
5 iron oxide red isoindolinone or the like, or a dye. The 
pattern may be of any optional kind such as resembling a 
grain of wood, a texture of stone, a texture of fabric, 
letters, a geometric pattern, a pattern of hide or skin or 
the like, or the base sheet may be colored in a solid 
10 color. 

A metal pattern is formed by the vacuum evaporation of 
a metal, such as aluminum, chromium, gold, silver, copper 
or the like. The surface of the base sheet may be coated 
with either a solid film of a metal or a pattern of a 

15 metal. A metal pattern may be formed by a known pattern 
forming process which, for example, coats regions of the 
surface of the base sheet in which any metal film need not 
be formed with a mask of a water-soluble ink, deposits a 
metal film over the entire surface of the base sheet by 

20 vacuum evaporation, and removes unnecessary portions of the 
metal film together with the mask by washing using water. 
A metal layer formed on a transfer sheet may be transferred 
by a transfer printing process to a surface of the base 
sheet on which a pattern (metal layer) is to be formed. 

25 A relief pattern may be formed by any suitable relief 

pattern forming process, such as a hairline forming 
process, a sandblasting process, an embossing process or 
the like- A relief pattern can be formed on the surface 
of an acrylic resin sheet by any one of those relief 

30 pattern forming processes. 

An embossing process uses a sheet- fed or rotary 
embossing machine of a hot-press type which heats an 
acrylic resin sheet for softening, presses an embossing 
plate against the surface of the softened acrylic resin 

35 sheet to shape the surface in a relief pattern. Represen- 
tative relief patterns formed by such an embossing process 
are those imitating the vascular grooves of wood, the 
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surface and grain of wood, the rugged surface of stone, the 
texture of fabric, a satin-finished surface, a 
pebble-grained surface, hairlines and the like, or combina- 
tions of those patterns. If necessary, the concave 
5 portions of the relief pattern are filled up with a color 
ink by a known wiping method. Color inks prepared by 
mixing a pigment or dye in a vehicle, such as an acrylic 
resin, a polyester resin or the like are used selectively. 
Preferably, the color ink is a two-component setting 

10 adhesive containing a pigment or a dye, and having satis- 
factory adhesion and solvent resistance. The wiping method 
may be achieved by a known wiping process, such as a doctor 
blade process or a roll coating process. The entire 
surface of the acrylic resin sheet provided with a relief 

15 pattern is coated with the color ink by any one of the 
foregoing coating processes, portions of the film of the 
color ink coating convex portions of the relief pattern are 
scraped off so that the color ink remains only in the 
concave portions of the relief pattern. . 

20 Suitable materials for forming the backing sheet are 

polyvinyl chloride, polyvinyl idene chloride, vinyl copoly- 
mers, such as vinyl acetate- vinyl chloride copolymers and 
ethylene-vinyl alcohol copolymers, styrene resins, such as 
polystyrene, acrylonitrile-styrene copolymers and ABS , 

25 acrylic resins and polyacrylonitrile resins. 

A sheet-decorating molding method is a well-known 
technique. A sheet-decorating molding method integrates 
a decorating sheet held between the male and the female 
mold of an injection mold and a resin injected into a 

30 cavity formed in the injection mold by injection molding 
to decorate the surface of a molding. The decorative sheet 
is affixed to the surface of a molding so that the decora- 
tive sheet is integrated with the molding to form a 
decorative layer on the surface of the molding. Desirably, 

35 the decorative sheet is preformed by a vacuum forming 
method or a vacuum-pressure forming method prior to 
injection molding so that the decorative sheet is formed 
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so as to conform to the inner surface of the female mold. 
A preforming method preforms a decorative sheet in a 
preforming mold and places the preformed decorative sheet 
in the female mold of an injection mold, another preforming 
5 method preforms a decorative sheet in the female mold of 
an injection mold. Usually, the latter preforming method 
is used prevalently- Naturally, the preforming process may 
be omitted and a decorative sheet may be formed so as to 
conform to the shape of the inner surface of the female 

10 mold if the height of the protruding portions of the 
molding is not very great, the curvatures of curved 
portions of the molding are relatively small or the 
decorative sheet has a sufficiently high moldability 
( thermoplasticity ) . 

15 Fig, 1 shows an injection molding machine 10 which uses 

an injection mold having a female mold 20 and a male mold 
30 and preforms a decorative sheet S on the female mold 20. 
The female mold 20 is provided with suction holes 21 
through which air is sucked for the vacuum forming of the 

20 decorative sheet S in a shape corresponding to a portion 
of a molding to be molded in a cavity formed in the 
injection mold closed by joining together the female mold 
20 and the male mold 30. The male mold 30 is fixed to a 
stationary platen 31 fastened to four tiebars 40. The 

25 female mold 20 is fixed to a movable platen 22 supported 
on the tiebars 40 for sliding movement along the tiebars 
40. When preforming the decorative sheet S, the decorative 
sheet S inserted between the female mold 20 and the male 
mold 30 is clamped on the female mold 20 mounted on the 

30 movable platen 22 by a sheet clamp 50, the decorative sheet 
S is heated and softened by a hot plate 60, air is sucked 
through the suction holes 21 to attract the decorative 
sheet S closely by suction to the inner surface of the 
female mold 20 defining part of a cavity. An upper end 

35 portion of the decorative sheet S is gripped by a sheet 
chuck 70 and is cut off by a sheet cutter 80. The sheet 
cutter 80 may be a knife, a hot wire or the like. Then, 
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the decorative sheet S is cooled to complete the preforming 
of the decorative sheet S. A resin may be injected into 
the cavity before the decorative sheet S cools off. The 
hot plate 60 may be of either a contact type which is 
5 brought into close contact with the decorative sheet S to 
heat the decorative sheet S by thermal conduction or a 
noncontact type which is held apart from the decorative 
sheet S to heat the decorative sheet S by radiant heat or 
by dielectric heating. 

10 If the decorative sheet S is preformed on a separate 

vacuum forming process or a vacuum-pressure forming 
process, a moid provided with the same hollow as that of 
the female mold 20 is used, the decorative sheet S is 
heated and softened by heating by an infrared heater or the 

15 like, the decorative sheet S is formed so as to conform to 
the inner surface of the mold, the decorative sheet S thus 
preformed is released from the mold, and then the preformed 
decorative sheet S is put in place on the female mold 20 
to complete a preforming process. 

20 After the decorative sheet S has been preformed as 

shown in Fig. 1, a piston 91 of a hydraulic cylinder 90 is 
extended to move the movable platen 22 holding the female 
mold 20 holding the decorative sheet S in close contact 
with the inner surface thereof along the tiebars 40 toward 

25 the male mold 30, the female mold 20 is joined to the male 
mold 30 to clamp the injection mold, a fluid resin P for 
forming a molding is injected through a gate 32 formed in 
the male mold 30 into a cavity C defined by the female mold 
20 and the male mold 30 so that the cavity C is filled up 

30 with the resin P as shown in Fig. 2. After the resin P 
injected into the cavity C has solidified, and the decora- 
tive sheet S has been laminated to a resin molding P ' , the 
female mold 20 is separated from the male mold 30 to open 
the injection mold as shown in Fig. 3, and then the resin 

35 molding P 1 having a surface decorated by the decorative 
sheet S is ejected from the injection molding. The female 
mold 20 and the male mold 30 are made of a metal, such as 
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iron, or a ceramic material. 

The resin to be used for forming the resin molding P ' 
is determined selectively taking into consideration the 
required physical properties and the cost of the resin 
5 molding P 1 . More concretely, the resin molding P ! may be 
produced by preparing a molten resin by heating and melting 
an acrylonitrile-buta-diene-styrene copolymer (ABS resin), 
a polystyrene resin, an acrylonitrile-styrene copolymer, 
a polyvinyl chloride resin, a polypropylene resin, a 

10 polyethylene resin, a polycarbonate resin or an acrylic 
resin, injecting the molting resin into the cavity and 
cooling the molten resin filling up the cavity to make the 
same solidify, or by injecting a liquid two-component 
setting resin, such as a polyurethane resin containing 

15 polyol and an isocyanate crossl inking agent, a mixture of 
an epoxy resin and amine as hardener, or a mixture of an 
unsaturated polyester resin, and an isocianate, an organic 
sulfonate or dibenzoil peroxide as hardener, and making the 
two-component setting resin solidify by chemical reaction. 

20 Examples 

Two sample sheets A and B of 125 pm in thickness of an 
acrylic resin containing MMA/acrylonitrile-butadiene rubber 
as a principal components, and a lubricant (fatty alcohol) 
in different contents, respectively, having a glass 

25 transition point Tg of 73 °C, and a sample sheet C of 125 
pm in thickness of an acrylic resin having a glass transi- 
tion point Tg of 85 °C were produced. A sample sheet D was 
produced by coating a surface of the same sheet as the 
sample sheet A with a 2 pm thick acryl silicone resin film 

30 by gravure printing. The sample sheets A, B, C and D were 
subjected to the measurement of coefficient of kinetic 
friction with respect to a flat glass plate. Measured 
results are tabulated in Table 2. 
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Table 2 



Samples 


Tg (°C) 


Coef. of Kinetic 
friction 


Lubricant ( % ) 


A 


73 


0.45 


0.2 


B 


73 


1.0 


0.05 


C 


85 


0.6 


0.15 


D 


73 


0.16 


0.2 



Pattern layers (decorative layers) and adhesive layers 
were formed on the sample sheets A, B, C and D, respective- 
ly, to obtain sample decorative sheets A', B 1 , C ! and D'. 
The sample sheet C was provided with the pattern layer and 
5 the adhesive layer on a surface opposite the surface coated 
with silicone. The pattern layers were formed of inks each 
prepared by mixing a pigment and a mixture of one part by 
weight of acrylic resin and one part by weight of a vinyl 
chloride-vinyl acetate copolymer. A pattern imitating a 

10 grain of wood was printed by a conventional gravure 
printing process using three pattern plates. The adhesive 
layer was formed in a thickness of 2 \im by repeating a 
conventional gravure printing process using a conventional 
gravure solid plate of 40 line/cm in screen ruling and 60 

15 pm in cell depth twice. 

Sheet-decorated moldings were produced by the 
sheet-decorating molding method using the sample decorative 
sheets A 1 , B f , C f and D T by the injection molding machine 
shown in Figs. 1 to 3 . A molten heat-resistant ABS resin 

20 of 250 °C was injected into the cavity of the injection mold 
of iron heated at 60 °C. Each sample decorative sheet was 
clamped on the female mold 20 held on the movable platen 
22 with the pattern layer thereof facing the gate 32 of the 
male mold 30. The sample decorative sheet was heated by 

25 a hot plate heated at 300 °C in surface temperature and 
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disposed at a distance of 30 mm from the decorative sheet 
for heating and softening. The thus heated and softened 
sample decorative sheet was attracted closely to the inner 
surface of the female mold 20 by suction, the injection 
5 mold was clamped and the molten heat-resistant ABS resin 
was injected into the cavity of the injection mold. The 
sample decorative sheets A 1 , B 1 and D 1 could be properly 
heated in 8 sec, while the sample decorative sheet C 
needed 13 sec to heat the same properly. The coefficient 

10 of kinetic friction of the sample decorative sheet D* with 
respect to a flat glass plate was excessively small and the 
same sample decorative sheet D ! was dislocated on the 
female mold 20 and creased by a shearing stress induced 
therein by the heat-resistant ABS resin injected into the 

15 cavity, and the sheet-decorated molding decorated by the 
sample decorative sheet D r had a defective appearance. 

Test samples were prepared by cutting flat portions of 
the thus produced sheet-decorated moldings, and the test 
samples were subject to abrasion resistance tests using a 

20 Gakushin type abrasion tester. A 20 mm sq. loading plate 
wrapped in gauze was pressed against the test sample by a 
force of 200 g, and the loading plate was reciprocated 500 
times. The surfaces of the test samples thus rubbed were 
inspected visually. Any conspicuous scratches were not 

25 found on the test samples cut from the sheet-decorated 
moldings coated with the sample decorative sheets A', B T 
and D f , and conspicuous scratches were found on the test 
sample cut from the sheet-decorated molding coated with the 
sample decorative sheet B' . Only the sample sheet A of the 

30 acrylic resin met the requirements of formability, cycle 
time and abrasion resistance. 

Although the acrylic resin decorative sheet of the 
present invention having a coefficient of kinetic friction 
in the range of 0.2 to 0.9 with respect to a flat glass 

35 plate is not coated with a hard coating film, which 
deteriorate formability, the acrylic resin decorative sheet 
has high abrasion resistance, is not creased, broken, 
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strained or dislocated by a stress induced therein by the 
high-pressure liquid resin injected into the cavity of the 
injection mold. The acrylic resin sheet of an acrylic resin 
having a glass transition temperature Tg of 80 °C or below 
5 requires small thermal energy necessary for heating the 
acrylic resin sheet during injection molding and during 
preforming , a relatively low heating temperature, and 
reduces molding cycle time. 

Although the invention has been described in its 
10 preferred form with a certain degree of particularity, 
obviously many changes and variations are possible therein. 
It is therefore to be understood that the present invention 
may be practiced otherwise than as specifically described 
herein without departing from the scope and spirit thereof. 
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What is claimed is: 

1. A decorative sheet formed of an acrylic resin and 
having a coefficient of kinetic friction with respect to 
a flat glass plate in the range of 0.2 to 0.9. 

2. The decorative sheet according to claim 1, wherein 
the acrylic resin has a glass transition temperature of 
80 °C or below. 

3. The decorative sheet according to claim 1, wherein 
a backing resin sheet is laminated to one surface of the 
decorative sheet of an acrylic resin. 

4. A sheet-decorated molding having a surface coated 
with a decorative sheet formed of an acrylic resin and 
having a coefficient of kinetic friction with respect to 
a flat glass plate in the range of 0.2 to 0.9, 

5. The sheet-decorated molding according to claim 4, 
wherein the acrylic resin has a glass transition tempera- 
ture of 80 °C or below. 

6. The sheet-decorated molding according to claim 4, 
wherein a backing resin sheet is interposed between the 
molding and the decorative sheet. 

7. A sheet-decorating molding method comprising the 
steps of : 

inserting the decorative sheet according to claim 1 or 
2 between a female mold and a male mold of an injection 
mold; 

clamping the decorative sheet on the female mold; 

joining together the female and the male mold to clamp 
the injection mold so that a cavity is formed between the 
female and the male mold; 

injecting a fluid resin through a gate formed in the 
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male mold into the cavity so as to fill up the cavity; 

solidifying the resin filling up the cavity to make the 
same into a resin molding with the decorative sheet 
laminated to a surface of the resin molding; 

separating the female and the male mold from each other 
to open the injection mold; and 

ejecting the resin molding having the surface coated 
with the decorative sheet from the female mold. 

8. A sheet-decorating molding method comprising the 
steps of: 

inserting the decorative sheet according to claim 3 
between a female mold and a male mold of an injection mold 
with the acrylic resin sheet facing the female mold; 

clamping the decorative sheet on the female mold; 

joining together the female and the male mold to clamp 
the injection mold so that a cavity is formed between the 
female and the male mold; 

injecting a fluid resin through a gate formed in the 
male mold into the cavity so as to fill up the cavity ; 

solidifying the resin filling up the cavity to make the 
same into a resin molding with the decorative sheet 
laminated to a surface of the resin molding; 

separating the female and the male mold from each other 
to open the injection mold; and 

ejecting the resin molding having the surface coated 
with the decorative sheet from the female mold. 
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ABSTRACT 

A decorative sheet formed by coating a surface of an 
acrylic resin sheet having a coefficient of kinetic 
friction with respect to a flat glass plate in the range 
5 of 0,2 to 0,9 and a glass transition temperature of 80 °C 
or below with a pattern layer is inserted in a female mold 
and a male mold of an injection mold, the decorative sheet 
is clamped to the female mold, the female and the male mold 
are joined together to form a cavity in the injection mold, 
10 a fluid resin is injected into the cavity so as to fill up 
the cavity, the resin filling up the cavity is solidified 
in a sheet-decorated molding having a surface coated with 
the decorative sheet, the injection mold is opened and the 
sheet-decorated molding is ejected from the female mold. 



1/3 




2/3 




3/3 




APPLICATION FOR jNITED STATES PATEN , 
Declaration and Power of Attorney 

As a below named inventor, I hereby declare that 

my residence, post office address and citizenship are as stated below next to my name; that 

I verily believe I am the original, first and sole inventor ( if only one name is listed below ) or an original, first and 
joint inventor (if plural names are listed below) of the subject matter which is claimed and for which a patent is 
sought on the invention entitled: , 

"DECORATIVE SHEET, SHEET-DECORATED MOLDING AND SHEET -DECORATING MOLDING METHOD" 

— I I I ■llll-l- M - II ■ ■ ■ ■■ I ■ ' 1 Illl II- .1.1-1 || ,.||. I IH— t 

described and claimed in the specification: 

Check one 

•a. 0 attached hereto. 

b. □ filed on _____ as Application Serial No, and amended on 

(if applicable) 

I hereby state that I have reviewed and understand the contents of the above-identified specification, including 
the claims, as amended by any amendment referred to above* 

1 acknowledge the duty to disclose information of which I am aware which is material to the examination of this 
application in accordance with Title 37, Code of Federal Regulations, { 1.56(a). Under Title 35, US. Code § 119, 
the priority benefits of the following foreign application^ ) filed within one year prior to this application are hereby 
claimed: 

Japanese Patent Application No, 288014/1996 filed on October 30, 1996 



The following applications for patent or inventor's certificate on this invention were filed in countries foreign to 
the United States of America either (a) more than one year prior to this application, or (b) before the filing date of 
the above-named foreign priority application s): 

2 ^ there are no corresponding applications, 
men "NONE". 

\j I hereby appoint the following as my attorneys of record with full power of substitution and revocation to prosecute this 
application and to transact all business in the Patent Office: 

I Roger W. Parkburst (Reg, No. 25,177), Charles A, Wendcl (Reg. No. 24,453) and/or Stephen P. Burr (Reg. No. 32,970) 

C ALL CORRESPONDENCE IN CONNECTION WITH THIS APPLICATION SHOULD BE SENT TO 
PARKHURST, WENDEL & BURR, LJJP., 1421 Prince Street, Suite 210, Alexandria, Virginia, 22314-2805 
telephone: (703) 739-0220. 

" I hereby declare that I have reviewed and understand the contents of this Declaration, and that all statements made herein 
of my own knowledge are true and that all statements made on information and belief are believed to be true; and further that 
phtse statements were made with knowledge that willful false statements and the like so made are punishable by fine or 
^imprisonment or both, under Section 1001 of Title 18 of the United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued thereon. 

3"iypewritten Full Name Hiroyuki ATAKE 
of Sole or First Inventor 



*4 Inventor's Signature Jt-mJ^ 
•5 Date of Signature ^mjf^ 



Gtvn Name Middle Initial Family Name 



October 20, 199 7 



6 Residence 



7 Citizenship . 



Month Day Year 

Shinjuku-Ku Tokyo-To Japan 

Cry State or Province Country 

Japan 



8 Post Office Address c/o Dai Nippon Printing Co., Ltd., 1-1/ Ichigaya -Kaga- 
( Insert complete mailing j 
address, including country) \ Cho 1-Chome, Shinjuku-Ku, Tokyo-To, Japan 



•This form may be executed only when attached to the specification (including claims) at the end thereof if Box a. is 
checked 

**Note to Inventor Please sign name on line 4 exactly as it appears in line 3 and insert the actual date of signing on 
line 5. 

IF THERE IS MORE THAN ONE INVENTOR USE PAGE 2 AND PLACE AN "X" HERE □ 



